Award Number: DAMD17-99-1-9003

TITLE: Isolation and Functional Characterization of Prostate
Tumor-Specific Hypoxia-Inducible Promoter/Enhancer
Elements for Use in Gene Therapy

PRINCIPAL INVESTIGATOR: Shona T. Dougherty, M.D., Ph.D.

CONTRACTING ORGANIZATION: The University of California at Los
Angeles
Los Angeles, California 90095-1406

REPORT DATE: December 1999
TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.

20001213 136




.~ REPORT DOCUMENTATION PAGE g i

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
December 1999 Annual (1 Dec 98 - 30 Nov 99)

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Isolation and Functional Characterization of Prostate DAMD17-99-1-9003

Tumor-Specific Hypoxia-Inducible Promoter/Enhancer Elements
for Use in Gene Therapy

6. AUTHOR(S)
Shona T. Dougherty, M.D., Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

The University of California at Los Angeles REPORT NUMBER
Los Angeles, California 90095-1406

E-Mail: shona@radonc.ucla.edu

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

13. ABSTRACT (Maximum 200 Words)

The major objective of this research project is to identify and characterize promoter/enhancer elements that
can be used to specifically target the expression of therapeutic genes to hypoxic regions within prostatic
tumors in vivo. We have characterized sequences present within the human TNF-a promoter that are
responsible for both constitutive activity and induction by hypoxia. We have produced a mutated version of
this promoter that exhibits substantially reduced constitutive activity in epithelial cells while retaining
responsiveness to various activating stimuli including hypoxia and ionizing radiation. While lacking prostate
specificity, it is hoped nevertheless that this element may prove useful in various cancer gene therapy
applications. In addition, we have cloned and characterized a large panel of novel sequences that exhibit
high levels of constitutive promoter activity in prostate cell lines. Finally, we have identified a number of hypoxia
inducible-promoter element and are currently characterizing these with respect to their prostate specificity.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Gene therapy, Hypoxia, Promoter, Gene regualtion 9
16. PRICE CODE
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18
298-102




FOREWORD

Opinions, interpretations, conclusions and recommendations are
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INTRODUCTION

The major objective of this research project is to identify and characterize
promoter/enhancer elements that can be used to specifically target the
expression of therapeutic genes to hypoxic regions within prostatic tumors in
vivo. Specifically, a novel episomal promoter/enhancer trap cloning sysfem
developed in our Laboratory is being used to rapidly isolate candidate DNA
sequences that are then tested both in vitro and in vivo for their functional
activity in a variety of prostatic and other tumor cell lines under both normoxic
and hypoxic conditions. Ultimately, adenoviral vectors in which expression of an
indicator gene is driven off a candidate promoter/enhancer element will be
constructed and tested for their ability to specifically target gene expression to
hypoxic regions of prostatic tumor xenografts in vivo.

BODY/PROGRESS (YEAR 1)

Task 1: Isolation and characterization of novel “prostate-specific” hypoxia
inducible promoter/enhancer elements (months 1-12)

In order to directly isolate novel hypoxia-inducible promoter/enhancer elements
for use in prostatic cancer gene therapy, we have developed a unigue
episomal promoter/enhancer expression cloning strategy based on a vector
that we have generated designated pEGTIIl. This vector contains a “leaderless”
bone/liver/kidney alkaline phosphatase cDNA (ALP) that has been engineered
to express a widely utilized splice acceptor site derived from CD44 exon v9 af ifs
5' end. A library of randomly-generated size-selected (mean size around 2.5 kb)
DNA fragments were cloned upstream of this indicator gene. Upon transfection
info an appropriate eukaryotic target cell (i.e. DU145), expression of ALP will only
occur if the DNA fragment present in the plasmid vector contains both an
appropriate promoter/enhancer element and an exon that can provide a
splice donor site that can be utilized to generate an in-frame fusion protein. The
vector also contains both a gene encoding EBNA-1 and the EBV origin of
replication (oriP) and as such replicates episomally within the nucleus of most
human cell types giving approximately 20-30 copies/cell. Such amplification is
an important component of the cloning strategy as it may help exclude
undesirable promoter elements with weak constitutive activity, thereby favoring
the isolation of promoters that are inactive in prostatic cells under normoxic
conditions.

In practice, the plasmid library was intfroduced into prostatic fumor cell lines by
electroporation. Forty-eight hours later, G418 was added at a final
concentration of 200-400 ug/mi to select for fransfected cells. Plates were then
cultured for 18-21 days during which time discrete colonies containing 100-200
cells are produced. We have developed a colony lift fechnique in which plates
are briefly overlaid with Immobilon-P PVDF membranes. Following fixation in
methanol the membranes are stained with the ALP substrate BCIP/INT. Colonies
that produce ALP, presumably because they were fransfected with a plasmid
containing a promoter/enhancer element that is constitutively active in the cell
type under study, can be readily identified by the presence on the membrane




of a brown staining "plague”. The position of such colonies on the original plate
is marked, fresh media added and the cells cultured for a further 48 hours to
allow recovery. At this point, plates are fransferred to a tri-gas incubator
containing a defined hypoxic atmosphere composed of 0.5% O,, 6% CO, and
94.5% N,. Eighteen hours later, tumor cell colonies are fixed in 100% ethanol for 1
minute and then stained with the ALP substrate BCIP/INT. Colonies in which ALP
expression was induced by exposure to the hypoxic microenvironment
(because they contain a promoter/enhancer element that responds to this
stimulus) can be readily identified and differentiated from the previously marked
colonies that contain constitutively active promoters. Plasmid DNA can be
recovered from positively staining colonies by scraping the cells from the surface
of the dish, performing a Hirt exiraction and then fransforming the DNA
obtained into a competent bacterial host. Individual bacterial colonies are
picked, plasmid DNA once again isolated and transfected back into the tumor
cell line which is then stimulated as before in order to ensure that a parficular
clonal plasmid does indeed contain a promoter/enhancer element that is
responsive to hypoxia.

Confirming the validity of this unique experimental approach, a 1399 bp
genomic DNA fragment corresponding to a region of the human TNF-a
promoter (position -1307 to +92) has been isolated, cloned info a modified
version of the pEGTIII vector containing a full-length ALP cDNA (pEGTIV) and
shown to possess both low constitutive activity and good induction following 18
hour incubation of transfected K562 cells (erythroleukemia) in a low O,
environment. Unfortfunately, in prostatic and other epithelial cell lines, although
significant induction was also obtained following exposure to hypoxia and/or
other stimuli, the TNF-o. promoter exhibited high constitutive levels of activity that
severely limit its usefulness in targeted gene therapy settings. Using extensive and
systematic deletional analysis it was determined that a sequence element
present within a ~100 bp region immediately upstream of the TATA box was
responsible for the majority of this background activity. Individual franscription
factor binding sites located within this region were then targeted using a PCR-
based site-directed mutagenesis approach and in this way, the AP1 site located
at position -108 was shown to play a crifical role in the determining the
constitutive activity of the promoter in non-myeloid cells. When placed
upstream of a GFP indicator gene a “full length” TNF-o. promoter in which this site
was rendered nonfunctional exhibited minimal background activity but retained
responsiveness to various stimuli including hypoxia and ionizing radiation. Using
this construct as a starting point, additional deletional analysis was carried out to
define the sequence motif(s) responsible for the observed hypoxia-induced
activity of the TNF-a. promoter. Particular emphasis was placed on the three NF-
kB sites shared by both the human and mouse TNF-a genes as changes in redox
potential resulting from irradiation or exposure to hypoxic condifions induce
activation of NF-xkB and tyrosine phosphorylation of its inhibitory subunit [xBa Via a
signal transduction pathway that involves Ras and Raf, but not MAP kinase.
Moreover, recent studies have shown that interaction between NF-«xB and the «3
site located toward the 3’ end of the promoter plays an important role in the
transcriptional activation of TNF-a by superantigen. In contrast, stfudies with the
monocytic cell line Mono Mac 6 indicate that LPS induces a factor with the




characteristics of NF-xB that interacts with k1, the most & of the three NF-«xB
binding sites in the promoter. Although definitive site-directed mutagenesis
studies have yet to be completed, characterization of the deletional mutants
generated in the present study suggest that it is the x1 NF-xB motif that is largely
responsible for the hypoxia-inducible activity of the element.

The pEGTIII vector and derivatives thereof have also been used to isolate a large
number of defined promoter elements that exhibit high levels of constitutive
activity in prostatic tumor cell lines. Systematic sequencing of these novel
elements is currently underway. Among the most promising with respect to
restricted cellular specificity is a sequence of approximately 2 kb corresponding
to a region of the human X chromosome (position Xp21.1). In order to further
narrow down functionally important regions within this and other constitutively
active promoter elements, a series of deletion mutants are being generated
using standard restriction enzyme digestion, PCR and/or exonuclease treatment
(as was used in the characterization of the TNF-a promoter) and the activity and
specificity of the mutants produced again tested following transfection intfo a
panel of prostatic and other tumor cell lines. Ultimately, site-directed
mutagenesis will be used to precisely identify the transcription factor binding
sites responsible for the constitutive activity of candidate promoters in prostatic
tumor cells.

Finally, a number of promising hypoxia-inducible elements have also been
isolated using the experimental approach described above. These are in the
process of being cloned into the pEGTIV vector upstream of a full length ALP
cDNA, and their activity, cellular specificity and hypoxia responsiveness will once
again tested in a variety of prostatic and other tumor cell lines under both
normoxic and hypoxic conditions.

Task 2: Characterization of the functional activity of candidate
promoter/enhancer elements in prostatic tumor cells in vifro and in vivo
(months 7-18)

The major objective of this task is to characterize the functional activity of
candidate hypoxia-inducible promoter elements in tumor spheroids that contain
regions of diffusion-limited hypoxia. Proof of concept studies using DU145 cells
tfransfected with pEGTIV vectors in which ALP indicator gene expression is driven
off either constitutively active promoter elements or the various human TNF-a
promoter mutants described above, are currently underway. Promising hypoxia-
responsive elements will be similarly characterized in due course.

Task 3: Generation and analysis of adenoviral vectors in which expression of an
indicator gene is driven off candidate hypoxia-inducible, prostate-
specific promoter elements (months 18-30)

In anticipation of initiating this important phase of the project, control adenoviral
vectors have been generated in which expression of various indicator genes is
driven off a number of constitutive promoter elements. Rather than using the
approach outlined in the initial proposal, these were constructed using the




AdenoQuest Kit sold by Quantum Biotech Ltd., as the design of the “transfer”
vector included in this kit facilitates the direct subcloning from pEGTIV of a
cassette that includes the promoter of interest, the ALP indicator gene and an
SV40-derived polyadenylation signal. The adenoviral vectors that have been
generated to date will serve as important controls against which the activity of
novel hypoxia-inducible promoter elements will be measured following direct
injection into solid fumour masses. They have also been used in initial studies 1o
confirm that prostatic tumors can be efficiently fransduced in vivo using such

vectors. .

KEY RESEARCH ACCOMPLISHMENTS:

¢ |dentification of the transcription factor binding sites present within the
human TNF-o promoter responsible for constitutive activity and hypoxia
responsiveness in fransfected prostatic tumor cells.

e Isolation and preliminary characterization of a panel of promoter elements
that exhibit high levels of constitutive activity in prostatic tumor cells.

e [solation and preliminary characterization of candidate prostate-specific
hypoxia-responsive promoter elements.

REPORTABLE OUTCOMES:

It is our intention within the next few months to submit a manuscript describing
the characterization of the transcription factor binding sites present within the
human TNF-o promoter that are responsible for constitutive activity and hypoxia
responsiveness.

The sequences of the novel promoter elements identified in this study will be
submitted to GENBANK once these have been confirmed.

Aliquots of the pEGTIIl library have been provided to various colleagues in the US
and abroad who are interested in identifying promoter elements that respond to
a variety of stimuli including, hypoxia, radiation and fubulin-binding agents.

CONCLUSIONS:

This study has progressed very much to plan. We have characterized the
sequences present within the human TNF-a promoter that are responsible for
both constitutive activity and responsiveness to hypoxia. We have produced a
mutated version of this promoter that exhibits substantially reduced constitutive
activity in epithelial cells while retaining responsiveness to various activating
stimuli including hypoxia and ionizing radiation. While lacking prostate
specificity, it is hoped nevertheless that this element may prove useful in various
cancer gene therapy applications. In addition, we have cloned and
characterized a large panel of novel sequences that exhibit high levels of
constitutive promoter activity in prostate cell lines. Finally, we have identified a
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number of hypoxia inducible-promoter elements which are currently being
characterized with respect to their prostate specificity.
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